Matrix metalloproteinases (MMPs) are involved in trabecular meshwork (TM) extracellular matrix metabolism and have been shown to increase aqueous outflow facility. The purpose of this study was to characterize effects of cytokines, a phorbol ester, and prostanoids on the expression of MMP-1, -2, -3, and -9 and tissue inhibitors of metalloproteinases (TIMP)-1 and -2 in cultured human TM cells. METHODS. Five human TM cell strains were treated with selected compounds. Levels of proMMPs and TIMPs in cell media were quantified by ELISA. MMP-3 activity was assayed by casein zymography. RESULTS. All human TM cell strains produced detectable basal amounts of proMMPs and TIMPs. 12-O-tetradecanoyl-phorbol-13-acetate was effective in increasing the levels of proMMP-1, -3, and -9 and TIMP-1. Its effect on proMMP-1 was concentration-dependent with an EC 50 of 2 to 3 nM. Interleukin (IL)-1␣ did not affect levels of proMMP-1 and -2 or the TIMPs, but was most efficacious in increasing proMMP-3 production with an EC 50 of 0.5 ng/mL. The IL-1␣-induced upregulation of proMMP-3 correlated with an increase in MMP-3 activity. Tumor necrosis factor-␣ activated proMMP-3 production in some but not all cell strains. Platelet-derived growth factor-BB was generally ineffective in modulating MMP and TIMP levels. Prostaglandins E 2 and F 2␣ at 10 M did not affect levels of proMMP-1 or -3. CONCLUSIONS. The expression of the different MMPs and TIMPs in human TM cells was independently regulated. Production of MMP-3 was maximally activated by IL-1␣. The IL-1␣-stimulated expression of MMP-3 provides a probable mechanism for IL-1␣-enhanced aqueous outflow. (Invest Ophthalmol Vis Sci.
G laucoma is one of the leading causes of blindness in the world. 1 Although the etiology of primary open-angle glaucoma, one of the most prominent form of glaucoma, is not fully elucidated, ocular hypertension due to compromised aqueous outflow facility is a major risk factor. Histologic and morphologic studies [2] [3] [4] [5] [6] [7] have demonstrated that there is an excessive accumulation of extracellular matrix in the trabecular meshwork (TM) of glaucomatous eyes, which probably contributes to impeded aqueous outflow. Therapeutic manipulations that eliminate the excessive extracellular matrix should theoretically improve outflow facility and consequently lower intraocular pressure (IOP).
Recently, matrix metalloproteinases (MMPs) have been proposed as important enzymes regulating the turnover of extracellular matrix in the TM. 8 -10 MMPs are a family of zinccontaining neutral proteinases involved in the regulated degradation of extracellular matrix. [11] [12] [13] [14] There are more than 20 members in this gene family. They share many common structural and functional features but differ in substrate specificity. The MMPs are secreted from cells as proenzymes and must be activated by proteolytic cleavage. Their enzymatic activities are inhibited by specific inhibitors, such as tissue inhibitors of metalloproteinases (TIMPs) .
Activation of these enzymes should reduce the excessive accumulation of extracellular matrix molecules, such as proteoglycans, collagens, fibronectins, and laminin, in the glaucomatous eye and in turn may decrease hydrodynamic resistance of the outflow pathway. Indeed, perfusion with 20 g of purified MMPs, containing equal concentrations of MMP-2 (gelatinase A), MMP-3 (stromelysin-1), and MMP-9 (gelatinase B), in anterior segments of the human eye increased outflow facility by more than 50%, lasting for at least 5 days. 15 Similarly, interleukin (IL)-1␣, a cytokine known to increase the expression of MMPs in the TM, 10 also produced a long-lasting augmentation of outflow facility when perfused in the anterior segment. 15 Consistent with these findings, inhibitors of MMPs, such as the TIMPs, minocycline, or L-tryptophan hydroxamate, suppressed aqueous outflow. 15 Taken together, these data strongly suggest that MMPs play a significant role in the regulation of aqueous humor outflow facility by controlling extracellular matrix turnover in the TM. In fact, TM expression of MMP-3 and -9 is enhanced after clinical laser treatment for glaucoma, and this enhancement may be responsible for mediating the ocular hypotensive effect of trabeculoplasty. 16, 17 Most studies regarding TM expression of MMPs were performed on cultured animal TM cells 18 or human donor TM tissue, 10 which contains more than one cell type. Thus, there is limited detailed information about the regulation of expression of MMPs in human TM cells. The present study was designed to demonstrate the presence of the proenzymes of MMP-1 (interstitial collagenase), -2, -3, and -9 and TIMP-1 and -2 in cultured human TM cells and to demonstrate the involvement of selected trophic factors, cytokines, and neurotransmitters in the regulation of MMP expression in these cells.
METHODS

Culture of Human TM Cells
Five human TM cell lines were used in the study: TM10A, TM16A, TM30A, TM35D, and TM332/344. Cells were isolated, characterized, and cultured as described elsewhere. 19 -21 They were maintained at 5% CO 2 and 37°C in a medium consisting of Dulbecco's modified Eagle's medium (DMEM) with stabilized L-glutamine (Glutamax I; Gibco/Invitrogen, Grand Island, NY) supplemented with 10% fetal bovine The publication costs of this article were defrayed in part by page charge payment. This article must therefore be marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact.serum (Hyclone, Logan, UT) and 50 g/mL gentamicin (Gibco/ Invitrogen). The cells were allowed to reach approximately 90% confluence. Before treatment, cells were serum deprived for 24 hours. Cell medium was then replaced with serum-free medium containing the appropriate test compound. The plate was returned to the culture incubator and allowed to incubate for the indicated amount of time. Cell media were then removed and used for the quantification of proMMPs and TIMPs by ELISA and active MMP-3 by zymography.
ProMMP and TIMP Assays
Twenty-four-well TM cell cultures were serum deprived for 24 hours, followed by 24 hours of treatment with test agents in serumfree medium. Final volume per well was 300 L, 250 L of which was collected, with 100 L used for proMMP and TIMP quantification by commercially available ELISA kits. For proMMP-1 and -9 and TIMP-1 and -2, specific assay kits (Biotrak; Oncogene Research Products, San Diego, CA) were used. For proMMP-2 and -3, other specific assay kits (Bindazyme; The Binding Site, Birmingham, UK) were used. Assays were performed according to the manufacturer's instructions. Briefly, for the proMMP-1, proMMP-9, and TIMP assay kits (Biotrak; Oncogene Research Products), 96-well microtiter plates coated with the specific primary antibody were incubated with known amounts of standards or TM cell medium samples. The plate was incubated for 2 hours at room temperature and then washed with wash buffer (6.7 mM sodium phosphate buffer [pH 7.5] containing 0.033% Tween 20) . Then, 100 L of specific secondary antibody (polyclonal rabbit anti-proMMP or anti-TIMP) was added to each well and incubated at room temperature for 2 hours. The wells were again washed and incubated with 100 L of donkey anti-rabbit antibody conjugated with horseradish peroxidase. After a 1-hour incubation at room temperature, the wells were washed again. The 3,3Ј,5,5Љ-tetramethylbenzimide (TMB) substrate was then added to each well and incubated for 20 to 30 minutes. Reactions were stopped by the addition of 100 L 1 M sulfuric acid and the resultant yellow color was read at 450 nm with a microplate reader (MR5000; Dynatech, Cambridge, MA).
The proMMP-2 and -3 assay kits (Bindazyme; The Binding Site) used microtiter plates precoated with affinity purified antibody to proMMP-2 or proMMP-3. After the addition of standard samples or TM cell medium, the plate was incubated for 1 hour at room temperature and washed with wash buffer. Biotinylated antibody (100 L) was added to each well, and the plate was incubated for another hour. After another wash, 100 L of streptavidin peroxidase was added to each well and incubated for 30 minutes. The washing step was repeated, and 100 L of TMB was added to the wells. The assay was stopped after 10 minutes by adding 3 M phosphoric acid to each well, and the resultant yellow color was read at 450 nm.
The concentration of proMMPs or TIMPs in TM cell medium was calculated by comparison with their respective standard curves. In these assays, the detectable limits (as defined by the minimal amount that produced a statistically significant change in the ELISA signal) for proMMP-1, 0.6 ng/mL; proMMP-2, 2.0 ng/mL; proMMP-3, 0.3 ng/mL; proMMP-9, 0.1 ng/mL; TIMP-1, 0.4 ng/mL; and TIMP-2, 1 ng/mL.
Zymography
Twelve-well TM cell cultures were serum deprived for 24 hours, followed by a 24-hour treatment with test agents. Final volume per well was 600 L, 500 L of which was collected and concentrated approximately sevenfold using microconcentrator units (Nanosep; Pall Filtron, Northborough, MA; molecular mass cutoff, 10 kDa). Final volume of each concentrated sample was adjusted to 75 L by adding serum-free DMEM. Concentrated samples were then mixed with equal volumes of 2ϫ Tris-glycine-SDS zymography sample buffer (Novex; Invitrogen, Carlsbad, CA) and allowed to stand at room temperature for 10 minutes. Fifty microliters of each sample was loaded onto precast 12% casein minigels (Bio-Rad, Hercules, CA) and electrophoresed at constant voltage (100 V) in a Tris-glycine-SDS (25 mM-192 mM-0.1%; pH 8.3) buffer, with cooling. The resultant gels were incubated for 1 hour at room temperature in renaturation buffer (Bio-Rad), then transferred to development buffer (Bio-Rad) for 48 hours at 37°C. Developed gels were stained for at least 1 hour in 0.5% Coomassie blue solution, then destained until clear bands were visible against the blue background. The gels were then scanned (Precision ScanPro; HewlittPackard, Palo Alto, CA, or ScanWizard Pro, Microtek Lab, Redondo Beach, CA) and analyzed for relative densities on computer (Gellab IIϩ; Scanalytics, Fairfax, VA).
Test Compounds
IL-1␣, tumor necrosis factor-␣ (TNF␣), platelet-derived growth factor-BB (PDGF-BB), 12-O-tetradecanoyl-phorbol-13-acetate (TPA), and 
(n ϭ 10) (n ϭ 12) (n ϭ 10) (n ϭ 10) (n ϭ 10)
n, Number of individual wells tested in multiple studies, each in duplicates or triplicates. Data are expressed as mean nanograms per 24 hours per well Ϯ SEM. ND, not determined.
prostaglandin E 2 and F 2␣ were all purchased from Sigma-Aldrich (St. Louis, MO). Stock solutions of the prostanoids were prepared in ethanol and diluted 1:1000 in cell culture medium for treatment. Stock solutions of all other compounds were prepared in DMEM. Control wells contained the same amount of respective vehicle.
Statistical Analysis
Data are presented as the mean Ϯ SEM. Statistical comparisons among groups were performed by one-way ANOVA followed by Dunnett test versus the vehicle control group. P Ͻ 0.05 was considered to be significant.
RESULTS
The five TM cell lines used in this study had been well characterized previously. 19 -21 They were established from TM tissues of six individuals. The donors' ages ranged from 48 days to 57 years. All cells were derived from explant cultures of TM tissues, 22-24 except TM332/344, which was obtained by matrix digestion of combined TM tissues from two donors. 25 None of the donors was known to have glaucoma (Table 1) .
All the cultured human TM cells produced the examined MMPs and TIMPs, but seemingly with different rates. For example, the basal levels of proMMP-1 among the various cell lines ranged from 1.41 ng/24 h per well in the TM35D cells to 22.6 ng/24 h per well in TM30A cells, a 16-fold difference in basal levels. Similarly, levels of proMMP-3 and TIMP-1 also varied by 10-to 15-fold between the highest and lowest producers. In contrast, basal proMMP-2 and -9 and TIMP-2 levels were rather similar among the cell lines (Table  2) . It is important to point out that because the basal levels of proMMP-3 in some cell lines and proMMP-9 in all three cell lines tested were close to the detection limit of the respective assay, we may not have been able to detect small changes in the enzyme levels, although large increases were clearly observable. Furthermore, because of this limitation, the quantitation of changes of the two enzymes in these cells is not expected to be as accurate as that in the cells with higher basal levels.
Initially, four compounds were tested for their effects on MMP and TIMP expression. They were chosen because these compounds were shown to upregulate the expression of MMPs and TIMPs in various tissues and cells, including porcine TM cells and human TM tissues. In our study, these stimuli also upregulated the expression of specific MMPs and TIMPs in human TM cells. Figure 1 demonstrates the effects of these compounds on the production of proMMPs and TIMPs in TM35D cells. A 24-hour exposure to TPA (25 ng/mL; 40 nM) significantly (P Ͻ 0.05) enhanced the accumulation of proMMP-1 (200% Ϯ 8%, mean Ϯ SEM, n ϭ 10), proMMP-9 (4918% Ϯ 460, n ϭ 8), and TIMP-1 (253% Ϯ 31%, n ϭ 8). ProMMP-1 expression was dependent on, but not linearly correlated with, TPA incubation time; the rate of proMMP-1 accumulation decreased substantially after the first 24 hours (Fig. 2A) . The stimulatory effect of TPA was concentration-dependent with a calculated EC 50 of 2.62 nM (Fig. 2B) . The maximal effect was produced by a TPA concentration of 10 nM or higher and ranged from 200% to 500% of concentration in the control. Among the compounds tested, IL-1␣ (25 ng/mL; 1.4 nM) was the most efficacious in stimulating the expression of proMMP-3 (516% Ϯ 39%, n ϭ 12; after a 24-hour incubation) in TM35D cells (Fig. 1) . Its effect was also time-and concentration-dependent with a calculated EC 50 of 0.42 ng/mL (23 pM; Fig. 3) . The IL-1␣ -upregulated MMP-3 expression correlated well with an increase in MMP-3 activity. As shown by zymography (Fig. 4) , IL-1␣ produced a concentration-dependent increase in casein hydrolytic activity at a molecular mass of approximately 50 kDa, which is identical with the molecular mass of active MMP-3. IL-1␣ also stimulated the expression of MMP-9, but did not seem to affect the expression of other MMPs or TIMPs. Similarly, TNF␣ (25 ng/mL; 1.4 nM) also increased the production of proMMP-3 (300% Ϯ 44%, n ϭ 12), although its efficacy was lower than that of IL-1␣ (Fig.  1) . PDGF-BB (25 ng/mL; 1 nM) upregulated the expression of TIMP-1 only (196% Ϯ 24%, n ϭ 8; Fig. 1 ). None of these tested compounds affected the expression of MMP-2 or TIMP-2 in TM35D cells. Cells were incubated with the indicated compounds for 24 hours. Data are mean Ϯ SEM. n, Number of individual wells tested in multiple studies, each in duplicates or triplicates.
* P Ͻ 0.05 compared with the respective vehicle control.
All five human TM cell lines showed similar stimulation profiles. The phorbol ester TPA was the most consistent and efficacious stimulator for proMMP-1 (Table 3) . TNF␣ also increased the production of proMMP-1, but only in the TM10A cells was the increase statistically significant (P Ͻ 0.05). PDGF-BB increased proMMP-1 level in TM30A cells but not in any other cell lines. ProMMP-2 did not respond to any of the stimuli in the three cell lines tested (Table 4) . IL-1␣ was the most efficacious and consistent stimulator for proMMP-3 in all TM cell lines, though this stimulatory effect ranged from a modest 146% to a dramatic 7882% above control among different cell lines. TPA and TNF␣ also were effective in upregulating the expression of MMP-3 in all five cells tested, and their action was statistically significant in three of the five cell lines (Table 5) . However, the efficacies of TPA and TNF␣ were always less than that of IL-1␣. TPA also was very effective in increasing the accumulation of proMMP-9 in the three TM cell lines tested, whereas IL-1␣ was significantly less efficacious and was only effective in two of the three cell strains (Table 6 ).
In addition to the stimulation of MMP expression, TPA also enhanced the production of TIMP-1 in all cells tested. PDGF-BB significantly increased TIMP-1 production in the TM35D cells, and a trend toward increase was observed in all tested cells (Table 7) . Similar to proMMP-2 expression, TPA, IL-1␣, TNF, or PDGF-BB did not affect TIMP-2 expression in the cultured human TM cells (Table 8) .
Recently, Lindsey et al. 27, 28 and Weinreb et al. 29 have demonstrated that FP prostaglandin receptor agonists upregulate the expression of MMP-1 and -3 in cultured human ciliary muscle cells. They have further proposed that this mechanism may contribute to the IOP-lowering effect of FP agonists. Hence, we also examined the effects of prostaglandins on MMP expression in the cultured human TM cells. We found that incubation of the TM16A or TM35D cells with PGE 2 (10 M) and PGF 2␣ (10 M) did not affect the proMMP-1 and -3 levels ( Table 9 ), suggesting that, in contrast to the ciliary muscle, EP and FP prostaglandin receptor agonists do not regulate MMP-1 and -3 production in the TM.
DISCUSSION
We have demonstrated that cultured human TM cells express and secrete MMPs and TIMPs. MMP expression was measured by ELISA for the respective proMMPs, which are inactive zymogens requiring enzymatic hydrolysis for activation. 30 Okada et al. 26 demonstrated that changes in secreted proMMP levels correlate with changes in total MMP levels, and upregulation of proMMP correlates with increased MMP activity in various cell types. [31] [32] [33] Similarly, the change in TM proMMP-3 levels induced by IL-1␣ in this study correlated with the change of MMP-3 zymographic activities (Figs. 3, 4) . Therefore, it is thought that the changes in proMMP levels in the TM cells also reflect changes in MMP activities.
All five human TM cell strains expressed a quantifiable level of each of the proMMPs and TIMPs evaluated, although the basal levels among the different strains were not always similar. The cause of these differences is unclear, although they were independent of donor age, isolation methods, growth rates, or passage numbers of the cells used in the study. Furthermore, cell strains that produced high levels of a particular MMP or TIMP did not always produce high levels of other MMPs or TIMPs.
Despite these interstrain differences in basal levels, the various cell strains responded to the stimulants in a similar and consistent manner. For example, TPA was always the most efficacious stimulator in the production of MMP-1, and likewise, IL-1␣ was the most efficacious inducer of MMP-3 expression in all five TM cell strains. This suggests that the regulatory functions represented by these compounds are shared by most human TM cells and are not peculiarities of a particular cell strain.
It is interesting to note that the expression of the different MMPs and TIMPs in the TM cells was obviously indepen- 
TM10A (n ϭ
Data are as described in Table 3 . There was no statistically significant difference among treatments. Data are as described in Table 3 . * P Ͻ 0.05 compared with the respective vehicle control. dently regulated. Even though TPA upregulated the production of MMP-1, -3, and -9, and TIMP-1, it did not have any significant effect on the expression of MMP-2 or TIMP-2. Similarly, IL-1␣ stimulation was selective for MMP-3, and did not affect the expression of MMP-1 and -2 and TIMP-1 or -2. The selective regulation of individual MMPs and TIMPs in the human TM cells correlates with findings in cultured porcine TM cells. 18 It also indicates that the stimulantinduced upregulation was not due to a broad trophic effect on the cells, suggesting that specific signaling pathways are involved.
The TPA and IL-1␣ stimulation profiles on MMP and TIMP synthesis in the cultured human TM cells were generally comparable to those reported in human TM explant organ cultures and TM cells derived from other species. We found that TPA increased the production of MMP-1, -3, and -9 and TIMP-1, but not of MMP-2 or TIMP-2. Alexander et al., 18 reported that TPA enhances gelatinase activities corresponding to gelatinases A (MMP-2) and B (MMP-9), as well as protein levels of stromelysin (MMP-3) and TIMP-1 in cultured porcine TM cells. The same researchers also demonstrated similar increases in gelatinases and stromelysin activities effected by TPA in human TM tissue explants and cells. 8 We showed that IL-1␣ selectively induced the expression of MMP-3 from all five human TM cell strains. By using zymography and Western immunoblots, Samples et al., 10 reported that stromelysin production in TM tissue explants is augmented by IL-1␣. Similar results in porcine TM cells were presented by Alexander et al., 18 who demonstrated that IL-1␣ stimulates, to a lesser degree, MMP-1 and -9 and TIMP-1 expression and does not affect MMP-2 or TIMP-2 expression.
In our study, the response of human TM cells to TNF␣ did not seem to correlate with that previously reported in porcine TM cells. In human TM cells, TNF␣ upregulated the production of MMP-3 and -1 in some, but not all, cell strains tested. It had no statistically significant effect on the immunoreactivities of proMMP-2 and -9 and TIMP-1 or -2. Yet in porcine TM cells, TNF␣ clearly increased MMP-1, -3, and -9, and TIMP-1 activities and/or protein levels in the culture media. It did not affect MMP-2 activity and significantly decreased the protein content of TIMP-2. 18 The difference between the human and porcine TM cells is even more striking in their responses to PDGF-BB. In the porcine cells, PDGF-BB stimulated the production of MMP-1, -3, and -9, and TIMP-1, 18 but in the human TM cells, PDGF-BB in general did not affect levels of MMPs and TIMPs. In only one of all the cell strains tested, did the growth factor slightly increase the amount of proMMP-1 or TIMP-1. Currently, the significance of these differences between the porcine and human TM cells is not clear. It may represent species differences in the regulation of MMPs and TIMPs expression. Data are as in Table 3 . * P Ͻ 0.05 compared with the respective vehicle control. Data are as described in Table 3 . * P Ͻ 0.05 compared with the respective vehicle control. Data are as described in Table 3 . There was no statistically significant difference among treatments.
Our finding that IL-1␣ maximally activated MMP-3 production in a potent and concentration-dependent fashion is highly interesting. MMPs are categorized into collagenases, gelatinases, and stromelysins according to their substrate specificity. Stromelysins, such as MMP-3, distinguish themselves from the collagenases by their activity against numerous structural extracellular matrix glycoproteins, including proteoglycans, fibronectin, laminin, gelatins, and collagens types III, IV, V, and IX. 34 These glycoproteins are present in the TM and have been theorized to be involved in the regulation of aqueous humor outflow thereby modulating IOP. Hence, MMP-3 can directly modify aqueous outflow by catalyzing the degradation of these molecules. Moreover, MMP-3 is able to "superactivate" the 92-kDa type IV collagenase to participate in a proteolytic cascade with other MMPs. 34 -36 A similar cascade, if it exists in the TM, can cause additional hydrolysis of other matrix molecules. These characteristics of MMP-3 predict that it can be an important modulator of aqueous humor hydrodynamics in the eye. Indeed, when perfused in organ culture of human ocular anterior segments, MMP-3 alone is sufficient to decrease the aqueous outflow resistance and raise outflow facility. 15 The probable involvement of MMP-3 in IOP regulation implies that modulating MMP-3 expression may be important in modulating IOP. Expression of MMP-3 is tightly controlled by a variety of physiologic and pharmacologic agents. Thus far, nearly all regulatory factors have been shown to function by transcriptional mechanisms. 37 The IL-1␣-mediated MMP-3 increase demonstrated in this study also involved signaling pathways related to transcriptional events. 38 The biological significance of the IL-1␣ effect is quite obvious. Intracameral injection of IL-1␣ lowers IOP in the rat, 39 and also increases aqueous outflow facility in human ocular perfusion organ culture. 15 This cytokine was also shown to be one of the mediators of the clinical IOPlowering effect induced by laser trabeculoplasty. 40 Its stimulatory action on MMP-3 production demonstrated in the human TM cells provides a probable mechanism for these aqueous outflow effects of IL-1␣.
In this study, we also found that EP and FP prostaglandin receptor agonists did not affect MMP-1 or -3 expression in cultured human TM cells. Lindsey et al. 27, 28, 41 and Weinreb et al. 29 showed that FP agonists upregulated MMPs in cultured human ciliary muscle cells and suggested that this action may be responsible for the uveoscleral outflow effect of FP agonists. Their hypothesis was supported by morphologic changes observed in the ciliary muscle of monkeys treated with topical application of prostaglandin F 2␣ , an FP agonist. In these animals, the intercellular space of the ciliary muscle was enlarged and depleted of extracellular matrix, a finding consistent with the activation of MMP. [42] [43] [44] Our finding demonstrates that prostaglandins did not affect TM cell MMP-1 or -3 levels, which agrees with findings that FP compounds do not seem to affect conventional aqueous outflow through the TM. 45 In conclusion, we have shown that cultured human TM cells expressed various MMPs and TIMPs. Their expression was modulated independently by different regulatory molecules. We also demonstrated that IL-1␣ was the most efficacious in the activation of MMP-3 expression, which may mediate the ocular hypotensive effect of IL-1␣. These results suggest that manipulation of TM production of MMP may provide a new and effective therapy for lowering IOP in glaucoma. (n ϭ 3) (n ϭ 9) (n ϭ 11) PGF 2␣ (10 M) 103.3 Ϯ 25.1 77.7 Ϯ 7.6 93.3 Ϯ 5.0 108.6 Ϯ 10.9 (n ϭ 3) (n ϭ 3) (n ϭ 9) (n ϭ 15)
Cells were incubated with the indicated compounds for 24 hours. Data presented are percent of vehicle control (mean Ϯ SEM). n, Number of individual wells tested in multiple studies, each in duplicates or triplicates. There was no statistically significant difference between treatments.
